Coreduction of AuCl(PPh3), Pd(PPh3)4, and AgCl(PPh3)
The procedures are based on those used in the synthesis of 1 with modifications. 1 A 15-mL screw-capped test tube equipped with a magnetic stir bar was charged with AuCl(PPh3) (71.2 mg, 144 µmol), AgCl(PPh3) (21.9 mg, 54 µmol), and Pd(PPh3)4 (20.8 mg, 18 µmol). EtOH (5.5 mL) was added to the tube and the solution was stirred to obtain a yellowish white suspension. After stirring for 1 min, a powder of NaBH4 (7.6 mg, 201 µmol) was added and the suspension turned dark brown. The suspension was stirred vigorously for 2 h under dark conditions, and then was poured into hexane (60 mL) through a cotton plug, forming a brown precipitate. The precipitate collected by centrifugation was rinsed with hexane three times and then with 1:1 hexane-DCM. The residue was extracted by DCM and evaporated to dryness. The final product was obtained as a dark brown solid (12.3 mg).
Coreduction of AuCl(PPh3), Pd(PPh3)4, and CuCl(PPh3)
The coreduction of AuCl(PPh3), Pd(PPh3)4, and CuCl(PPh3) (19.5 mg, 54 µmol) was S2 conducted by a similar method to that described above. The reaction was conducted under ambient light and an Ar atmosphere. The final product was obtained as a dark brown solid (8.8 mg).
X-ray absorption fine-structure (XAFS) measurements
Ag K-edge XAFS measurements were conducted at the BL01B1 beamline at the SPring-8 facility of the Japan Synchrotron Radiation Research Institute. The incident X-ray beam was monochromatized by an Si(311) double-crystal monochromator. All XAFS spectra were measured in the fluorescence mode using a 19-element Ge solid-state detector. The X-Ray energy was calibrated using Ag foil. XAFS spectra of AgClPPh3 and 2 were measured in an EtOH-THF (1:10) suspension under stirring. In situ XAFS spectrum was measured 20 min after the addition of an EtOH solution of NaBH4 and a DCM solution into an EtOH-THF (10:1) solution of [PdAu8(PPh3)8](NO3)2. The concentrations of the samples for in situ measurement were the same as those for the synthesis of 2. Data analysis was conducted using the program REX2000 Ver. 2.5.9 program (Rigaku Co.).
Density functional theory (DFT) calculation
Electronic and geometric structures of [HPdAg2Au8(PMe3)8Cl2] + (2m) and [HPdCu2Au8(PMe3)8Cl2] + (3m) were studied through DFT calculations using the B3LYP functional. Basis sets used were LanL2dz for Pd, Au, Ag, and Cu and 6-31G(d) for Cl, P, C, and H atoms. Singlet spin states were assumed for 2m and 3m. Structural optimization was carried out followed by frequency calculations to confirm that the optimized structures had no imaginary frequencies, indicating that they were located at the local/global minima of the potential energy surfaces. Net charges of individual atoms were evaluated by natural population analysis based on natural bond orbitals (NBOs). The relative energies between structural isomers were shown with vibrational zero-point energy corrections. All calculations were conducted using the Gaussian 09 program. 2
X-ray crystallography
Single-crystals of 2 or 3 were immersed in Paratone-N oil to avoid evaporation of the solvent. A suitable crystal for the diffraction experiment was scooped up and rapidly frozen by a cooled N2 stream. The diffraction experiment was performed on a Rigaku VariMax dualwavelength optic/Saturn 724+ diffractometer using MoKα radiation. The data was corrected for Lorentz polarization and absorption correction was done numerically (NUMABS, Rigaku). The initial phase trials were conducted by means of a direct method using SHELXS-2018, and the structures were refined using the full-matrix least-squares method on F 2 by SHELXL-2018. 3 The diffused electron density of the crystal was treated by SQUEEZE on the PLATON platform. 4, 5 The counter anion (Cl -or NO3 -) has significantly disordered nature in 2; thus the cluster and solvent molecule were refined for 2 whereas the cluster component and isolated Cl atom were refined for 3. All non-hydrogen atoms, except for the solvent molecule and isolated Cl atom, were refined anisotropically and the hydrogen atoms were treated as riding models. All aromatic rings were treated using rigid constraints (AFIX 66). As for 2, no occupancy analysis was needed to refine the structure. In the case of 3, however, large positive residual electron densities were found on the Cu atoms. To solve this, the occupancy analysis of Cu and Au was conducted using constraints for the coordinates (EXYZ) and the displacement factor (EADP). It was found that the probable positions of the Cu atoms were only at the chloride coordinated positions. The final occupancy for Cu was 1.68 in 3, which was in good agreement with the estimated abundance from the 31 P{ 1 H} NMR results. ChcekCif program showed a B-level alert in both crystals for the missing reflections below theta min. Since the crystals have relatively long c-axis, some reflections were dumped by direct beam stopper due to the use of MoKα radiation. The lower angle reflections usually affect the interstitial structure such as solvent structure, therefore this alert does not affect the main conclusion of the present study. The structure data was deposited at the Cambridge Crystal Structure Center (CCDC) with the depository numbers 1887210 and 1887211 for 2 and 3, respectively. Figure S1 . Ag K-edge X-ray absorption near-edge structure spectra of Ag foil, AgCl(PPh3), 2, and the spectrum 20 min after the addition of AgCl(PPh3). (2) ρcalc ( Goodness-of-fit on F 2 1.234
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